Objective: To present an eight-case serie of patients with Charles Bonnet syndrome (CBS). Method: All patients were initially evaluated by an ophthalmologist and then submitted to a neurologic evaluation with exclusion of alternative psychiatric and neurologic diagnoses. Results: Five patients were male (62.5%) and the mean age was 52.3+16.0 years. Two patients suffered from severe myopia and glaucoma, three had retinitis pigmentosa, one had anterior ischemic optic neuropathy, one had age-related macular degeneration and one had toxoplasmic retinochoroiditis. Mean visual acuity in the right eye was 1,12 logMAR and in the left eye 0.57 logMAR. A mean delay of 41.7 months occurred until diagnosis. All hallucinations were complexes and mostly ocurred on a weekly-basis (62.5%) and lasted for seconds (87.5%). Conclusions: Physicians who care for low vision patients should be aware of CBS and appropriately diagnose its hallucinations after exclusion of psychiatric and neurologic diseases.
In elderly patients, hallucinations can be associated with neurologic disorders such as Alzheimer's disease, Parkinson's disease, delirium, sensory and sleep deprivation, and psychosis 1 . Formed and complex visual hallucinations that occur in visually-impaired individuals who are otherwise mentally normal are termed Charles Bonnet syndrome (CBS), in homage to the Swiss philosopher and naturalist Charles Bonnet (1720-1792) 2 . The prevalence of CBS varies in the literature, ranging from 0.4% to 15% 1, 2, 3 . Its prevalence is certainly underestimated due to low disclosure by patients, lack of knowledge among physicians, variable inclusion criteria and inconsistent depth of questioning. The most common cause of the syndrome is age-related macular degeneration 1, 2, 3 . However, many other etiologies have already been implicated and a lesion at any level of the visual system may lead to CBS. Complex images of people are most commonly encountered. Timing and frequency are quite variable and can be episodic, periodic and chronic. They are usually benign, but fear of impeding insanity may occur 2, 3 . We describe eight patients with visual impairment and CBS evaluated at our unit and we pinpoint the most useful characteristics that distinguish CBS hallucinations from other etiologies.
METHOD
Eight patients were enrolled in the study based on initial ophthalmologic consultation. All patients were evaluated by an expert ophthalmologist who performed a standard ophthalmologic consultation with measurement of corrected visual acuity, biomicroscopy of the anterior ocular segment, applanation tonometry and fundoscopy. All patients were diagnosed with an ophthalmologic disease and presented with a decrease in visual acuity. A full neurologic examination was performed by an expert neurologist, including a brief cognitive assessment (Mini-Mental State Examination 4 and category fluency-animals 5 ), functional evaluation (Pfeffer's functional activities questionnaire 6 ), a standardized neuropsychiatric inventory assessment 7 , and the part III of Unified Parkinson's Disease Rating Scale (UPDRS) 8 . Magnetic resonance imaging (MRI; 1.0-Tesla) of the brain was performed in all patients. Patients were diagnosed with CBS based on the detection of a significant visual impairment combined with visual hallucinations considered unreal by the patient. Migraneous aura, epileptic crisis, alcohol withdrawal syndrome, metabolic encephalopathies, narcolepsy, psychiatric disease, peduncular alucinosis and neurodegenerative diseases such as Alzheimer's disease and Lewy body dementia were excluded based on history, brief cognitive assessment, UPDRS scale and brain MRI.
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RESULTS
Five patients were male (62.5%) and the mean age (± standard deviation) was of 52.3±16.0 years. Two patients suffered from severe myopia and cataracts, three had retinitis pigmentosa, one had anterior ischemic optic neuropathy, one had age-related macular degeneration and one had toxoplasmic retinochoroiditis. Except for three patients, the remainder had hypertension, two of them combined with type 2 diabetes mellitus, one of them combined with AIDS and another with alcoholism. Mean visual acuity in the right eye was 1,12 logMAR and in the left eye 0.57 logMAR. A mean delay of 41.7 months occurred between the onset of visual hallucinations and diagnosis of CBS by the clinicians. All hallucinations were complexes and mostly was on a weekly-basis (62.5%) and lasted for seconds (87.5%). Brief cognitive assessment showed mean and standard deviation values for MMSE, Pfeffer's functional activities of daily living, neuropsychiatric inventory assessment, category fluency-animals and UPDRS of, respectively, 24.9±2.5, 2.1±3.9, 8.7±5.3, 13.6±1.2 and 1.3 ±2.3. Mean ± standard deviation of formal years of schooling in our series were 4.7±2.6. Table shows the characteristics of the hallucinations of the patients. 
DISCUSSION
Our case series includes eight patients with CBS with low vision secondary to ophthalmologic diseases affecting the retina, cornea and the lens. Visual hallucinations were all complex, with images of animals, persons and bizarre geometric forms. As the definition implies, all patients had intact cognition which was confirmed by brief cognitive screening tests. Epilepsy, migraine, stroke, dementia, parkinsonism and psychiatric diagnoses were excluded based on history and neurologic examination. Most of the hallucinations were weekly and lasting for seconds which might have contributed to the benignity reported by all patients.
The loss of vision in those experiencing CBS is usually bilateral, as our case series demonstrate. Patients do not experience hallucinations in other sensory modalities such as the patients with alcohol withdrawal syndrome. For many patients, the images are easy to identify as they have peculiar characteristics and they are viewed in finer details than real objects. The episodes can last seconds to hours, and the duration may last from days to years. The most common characteristics of visions reported by CBS are: tesellopsia (regular, overlapping patterns), prosopometamorphopsia ( facial distortion), dendropsia (branching forms), hyperchromatopsia, polyopia (multiple forms of one image), micropsia and macropsia 9 . The faces are typically not of individuals known to them and the objects are not of significance to them. These last observations are all consistent with our findings and micropsia, macropsia, prosopometamorphosia and polyopia could be identified in our patients descriptions of the hallucinations. In ffytche and Howard series 9 , tesellopsia ocurred in 74% and abnormalities of size in 42% of their patients, of whom 58% had micropsia. In Brucki et al. 10 series, tesellopsia, micropsia, prosopometamorphopsia and polyopsia were observed.
Several risk factors for developing CBS have been described. Visual impairment, cerebral damage, social isolation and age are the most important ones. Social or physical isolation, dimly lit conditions, evening hours, and states of drowsiness or relaxation have all been associated with higher rates of recurrent hallucinations in those with CBS. Patients who suffer from a sudden onset of vision loss and sudden onset of visual field loss with cerebral disease are more likely to experience hallucinations than those experiencing more gradual loss of vision 1, 2 . Age has been consistently described as one of the main risk factors for developing CBS. The majority of patients with CBS are elderly with a mean age of 70 to 85 years 2 . However, cases have been reported in all age groups. In this case series, the lower mean age of onset (52 years) could be attributed to the consistent questioning of symptoms in the ophthalmologic clinic and widespread knowledge of this study by many ophthalmologists in the institution. Notwithstanding a directed questionnaire, a mean delay in diagnosis of almost 42 months indicates that our patients were younger than the elderly patients described in literature. In another Brazilian case series of CBS, Brucki et al. 10 described six patients with a mean age of 74.5 years.
The neurophysiology explaining the visual hallucinations in CBS is not clearly elucidated. The currently accepted theory suggests that vision loss leads to visual sensory deafferentation of the visual association cortex, causing disinhibition and later spontaneous firing of the visual cortical regions 11 . The brain activity in the absence of visual input has been compared with what occurs in phantom limb or phantom pain syndromes. Another theory is the release phenomenon, where missing input to primary visual areas causes a disinhibition of visual association areas, contributing to a release of visual hallucinations 11 . Functional MRI studies have found increased activity in the ventral occipital lobe when the hallucinations occur 12 . Single photon emission computed tomography studies showed hyperperfusion areas in the lateral temporal cortex, striatum and thalamus at the exact moment of visual hallucinations, suggesting that these areas might contribute to generate the events 13 . Many etiologies need to be ruled out in order to confirm the diagnosis of CBS. Fortunately, many of them are readily recognizable by history, physical examination and basic laboratory workup. Healthy individuals may experience hallucinations in the context of intense emotion (stress, grief ), sensory deprivation states and hypnopompic and hypnagogic states. Among the pathological causes, toxic-metabolic disorders, hepatic diseases, uremia, metabolic encephalopathy associated with cardiopulmonary insufficiency, endocrine disturbances, vitamin deficiency states and inflammatory and infectious diseases must be ruled out 2 . A thoroughly report on prescription and illicit drugs must be taken as well as if the patient has stopped taking them and might be in a withdrawal syndrome. Neurologic causes such as epilepsy, migraine, stroke, Parkinson's disease, Alzheimer's disease, Lewy body dementia, narcolepsy-cataplexy syndrome and peduncular hallucinosis require a comprehensive neurologic examination and might determine the need for brain imaging. In our series, all patients were submitted to neurologic examination and brain MRI. All patients had low vision due to ophthalmologic compromise, either due to retinal or anterior chamber diseases.
There are many options for treatment and prevention of CBS. If patients are not bothered by visual hallucinations, treatment may not be necessary. Many of them need only education and reassurance of the benign nature of the events, improving their quality of life. Treatment of a reversible cause of visual loss is the first step in managament. There is no current established medical treatment for the hallucinations. Current suggestions arise from case reports and case series. Neuroleptics, anticonvulsants, antidepressants and cholinesterase inhibitors have already been tried with favorable results 1, 2, 10 . Our patients did not require treatment either due to its beningnity or lower frequency. Only one patient refused to receive treatment due polypharmacy currently in use for multiple comorbidities.
Although this case series lack novel findings, we provide a detailed description of fully-evaluated patients and we describe a variety of diagnoses that contrasts with the overall series in literature to date, which focus on the elderly only or on a single eye disease. Hallucinations in the elderly can occur in the context of neurologic, psychiatric, medical and ophthalmologic conditions commonly encountered in clinical practice. Physicians should try to characterize the hallucinations in full detail in order to correctly precise the diagnosis without further delay.
